Abstract-In this paper Multiple Active Spatial Modulation (MA-SM) is proposed as an alternative to Space Time Block Code (STBC), Vertical Bell Lab Layered Space Time (V-Blast) etc with multiple active transmit antennas. To achieve high transmit rate, it allows several antennas to be active simultaneously. The symbols are mapped into a high dimensional constellation space including the spatial dimension. For the construction of the MA-SM, a general technique has been proposed, in which the system was optimized by maximizing the intersymbol distance. In the MA-SM system, a near-optimal detection scheme is proposed. In this paper, to demonstrate the efficiency of MA-SM, numerical results with comparing the performance of MA-SM with Generalized Spatial Modulation (GSM) and Spatial modulation (SM) with same number of transmit and active antennas over different transmission rates.
I. INTRODUCTION
Multiple Input Multiple output (MIMO) scheme have been proposed for wireless communication system to significantly increase capacity, range and reliability when comparing with convectional single antenna system. It provides increase in data throughput and minimum probability of error without additional frequency spectrum and transmission power. MIMO systems can be categorized into Beamforming, spatial multiplexing (SM) and diversity. Several MIMO techniques, among which the Space Time Block Code (STBC) and spatial multiplexing achieving diversity and multiplexing gain. The spatial diversity gain can be exploited by STBC because of its implementation simplicity and low decoding complexity [2] , [3] .
The maximum likelihood (ML) decoder with linear complexity is the main attraction of orthogonal STBC (OSTBC). Full -rate full-diversity code for more than two transmit antennas with linear complexity [12] , [13] is proven impossible to be constructed. Maximum multiplexing gain by simultaneous transmission over all antennas can be achieved using V-BLAST scheme. The joint ML decoding provides high capacity for the data stream, but the complexity increases with the number of streams. The error performance of the system can be significantly reduced using linear sub-optimal decoders for V-BLAST [3] , such as linear minimum mean square error (MMSE), successive cancellation etc, but the inter channel interference (ICI) and inter antenna interference (IAI) increases.
II. RELATED WORKS
The space shift keying (SSK) modulation scheme introduced by jeganathan, in which amplitude and phase modulation is avoided and information is convey through antenna indices [5] . However, in SSK during a time slot only one antenna is activated, the ICI and IAI are eliminated. These results in simplification in system design and reduced decoding complexity. Spatial modulation extends the constellation into a three dimension such as complex plane and spatial dimension. During a time slot only one antenna is active and the symbols are emitted from the selected antenna. Therefore, the information conveys both amplitude/phase modulation and antenna indices. Since one antenna is activated, the ICI and IAI can be eliminated. Hence prominent performance is capable by the low complexity decoder. But the exploitation of spatial multiplexing and design flexibility is limited by the SSK and SM, since that allow only one antenna to be active.
The Generalized spatial modulation (GSM) [7] , an extension of SM, which allows multiple antennas to be active simultaneously. Therefore can explore high spatial dimension. But GSM require large number of transmit antennas to achieve high transmit rate that increases the system complexity exponentially. These lead to poor performance. Space Time Block Coding-Spatial Modulation (STBC-SM) [9] scheme, proposed by Ertugrul Basar et al, in which SM is combined with Space Time Block Code (STBC) [6] to exploit high spectral efficiency from SM and coding gains from STBC. The symbols are emitted from several antennas after being coded with STBC encoder at the transmitter side. An optimal demodulator combining ML algorithm along with the linear STBC decoder is used. When the block size extended to more than two STBC-SM suffers from low multiplexing gain or high computational complexity. Multiple Active Spatial Modulation (MA-SM) [1] scheme and a near optimal decoder with linear complexity is proposed to explore the multiplexing gain of system with low computational complexity.
III. PROPOSED SYSTEM In MA-SM system, the information bits are conveyed by both the complex symbols and the antenna indices from which ISSN: 2231-5381 http://www.ijettjournal.org those symbols are transmitted. In the system, consist of Nt transmit antennas and Nr receive antennas. From Nt transmit antennas, Np antennas are activated to carry the source information bits, which results in increase in multiplexing gain. Then the symbols undergo spatial modulation, in which the extension of two dimensional signal constellation such as M-PSK or M-QAM to a third dimension such as spatial dimension [12] . The symbol is transmitted through the channel; here the channel is Rayleigh fading channel, after being mapped through an M-QAM (M-Quadrature Amplitude Modulation). Here during the transmission, the signals are in serial form, it will be converted to parallel form, therefore a bulk of data can be transmitted at a time and transmitted through the channel.
In reception side the reverse operation such as demodulation take place. The parallel symbols get converted back to serial form. The signals from the multiple diversity branches can be combined using various techniques [8] . In MRC, a weight factor that is proportional to the signal amplitude is multiplied to each signal branches. The branch with strong signal are further amplified and decoded, while the weak signal is attenuated. Since the signals are transmitted through multiple antennas, the spatial multiplexing gain and diversity gain is achieved by this system.
A. Transmitter
The working of MA-SM transmitter as follows:
1. Every Np antennas out of Nt antennas are selected as active antennas. 2. Denote the possible antenna groups as A.
Bits sequence of length is transmitted
through the Np antennas [ 8] , [10] . 4. The information bits are divided into Np+1 streams in which Np are mapped into QAM symbols selected from M-QAM symbols and the other one for antenna group detection. 5. The rotation angle θ of signal vectors is determined for each X, so that more diversity gain can be achieved. 6. The mapped Np symbols are transmitted the Rayleigh faded channel.
In this paper, the symbols are transmitted at a rate of 6 Bits/s/Hz and 15 Bits/s/Hz. For the transmission of 6 Bits/s/Hz, we are assuming four transmit antennas. From which two antennas are selected for transmission to avoid interference. Here two symbols are transmitted. For the transmission of 15 Bits/s/Hz, we are assuming five transmit antennas. From which three antennas are activated for the transmission to avoid interference. Here three symbols are transmitted for better transmission.
The transmission scheme can be optimized, by maximizing the minimum distance between the codewords that dominates the BEP (Bit Error Probability) [1] , [10] . Also for the system optimization, the active antenna group is selected, in such a way that the interference must be minimized.
B. Receiver
In the receiver side, the parallel symbols transmitted through the channel are converted to serial form. The receiver will detect both the symbols and the active antenna indices. Here the receiver knows the knowledge of Channel State Information (CSI). The Maximal Ratio Combining (MRC) will detect the signal from the diversity branches. From each pair of transmit and receive antennas, the signal with maximum Signal to Noise ratio (SNR) is detected. After that the symbols undergo spatial demodulation.
As Np varies optimal Maximum Likelihood decoding, increases the complexity exponentially. Therefore to overcome this, we use syndrome decoding. It is one of the most efficient methods to decode a signal from a noisy channel. The syndrome decoding takes the advantage of minimum distance decoding. It will minimize the hamming distance [13] . The hamming distance is denoted as, it is the numbers of coefficients in which they are differ. The receiver first decodes the antenna groups that transmit the symbols. The working of MA-SM receiver as follows:
1. Here we are assuming five receive antennas. 2. The symbols that are received undergo M-QAM demodulation. 3. Using the Maximal Ratio combining technique, the signal is detected from the diversity branches having highest SNR. 4. The receiver knows the knowledge about channel State Information. 5. The syndrome decoding will detect the symbol with minimum hamming distance. 6. Therefore the original signal can be detected for a rate of 6Bits/s/Hz and 15Bits/s/Hz.
The main errors occur at the receiver is due to the error in detection of active antennas and the second error is due to signal demapping. These two errors are mainly constituted in Bit Error Probability (BEP). These errors can be avoided by the proper detection of active antennas from the signal space and the proper detection of signals using the syndrome decoding technique.
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IV. NUMERICAL RESULTS
It is necessary to compare the performance of MA-SM with GSM and SM with same number of transmit and active antennas over different transmission rates. Figure 3 and figure  4 gave the performance of MA-SM and GSM with same Ґ for transmission rates 6Bit/s/Hz and 15Bit/s/Hz. The Ґ's employed here include Ґ= (4,2), (5,3), (6,3), (7, 2) , (8, 2) , which are typical parameter sets introduced in [6] . Assuming five receive antennas for each case. V. CONCLUSION Multiple Active Spatial modulation (MA-SM) is introduced in this paper, as an alternative to existing techniques, such as GSM, SM etc. For the construction of the MA-SM, a general technique has been proposed, in which the system was optimized by maximizing the intersymbol distance. On comparing the performance of MA-SM with GSM and SM at 6Bits/s/Hz and 15Bits/s/Hz, the MA-SM produced better performance. It can be concluded that the MA-SM produce better performance over different transmission rates.
